Understanding of the perceptions of consumers toward food products is a highly challenging task. The presence of biotechnology in food products, such as genetic modifications, gives rise to differing views on its benefits and risks. We report analyses of survey data aimed at carefully understanding the risk perceptions of consumers toward food products that involve genetically modified organisms (GMOs). We report results from an empirical study that investigates the changes in consumer perceptions when exposed to informative material concerning GMOs in food products. A survey instrument was designed using Qualtrics API to formulate a set of questions regarding GMOs (including both the pre and post study questionnaire) and all the participants were recruited via Amazon Mechanical Turk API. The responses were collected and thoroughly analyzed by creating relevant mind maps using Network Overview Discovery and Exploration for Excel (NodeXL) plugin. The analyzed results were further validated by conducting appropriate statistical analyses using Statistical Analysis System (SAS).
Introduction
Food is an essential ingredient of our daily lives. Scientists have expressed a great deal of interest in activities that involve experimentation with different foods. Primary biotechnology applications to food products include using growth hormones in animals, washing chicken with chlorine, and the use of genetically modified organisms (GMOs) [1] . Among biotechnology applications to food products, the most popular and innovative applications are those associated with GMOs. Genetic modifications to organisms can provide properties such as resistance to disease or insects, and higher yields of crops. Some popular GMO food products include corn, rice, and dairy products, all consumed widely in our daily lives [2] . GMOs food products often perceived as posing either benefits or risks [3] . Consumers often question experiments and changes with food products and form strong opinions regarding these technological changes. They may perceive huge risks associated with these technologies, or they do not care at all. This study aims at understanding and analyzing the issues surrounding risk perceptions of consumers toward such technologies, specifically GMOs.
We conducted an empirical study that investigated the risk perceptions associated with the presence of GMOs in food products. We formulated an approach using mind maps [4, 5] for exploring and analyzing these risk perceptions. A mind map can be visualized as a cognitive model of an individual's risk perceptions. The results are validated by applying relevant statistical analysis.
The rest of the paper is organized as follows. Section 2 provides detailed literature review involving mind maps, and prior studies concerning risk perceptions toward GMOs. Section 3 presents the objectives of the study along with the desired research questions and hypotheses. In section 4, the experimental setup for the study is formulated. Section 5 provides the performance results and analysis. Section 6 provides the conclusion and future work for the paper.
Literature Review
The presence of foreign entities in food products, such as GMOs have sparked the need for conducting research around the world related to consumer perceptions toward the potential risks involved with these entities [6, 7, 8, 9] . There have been previous studies of measuring risk perceptions in genetically modified foods but these studies concentrated on very few aspects with minimal emphasis on impact factors, such as trust, ethics, and environment. One such study was conducted by Bugbee and Loureiro in which they evaluated the purchasing attitudes of consumers towards these GM foods, and designed a theoretical model for addressing this issue [10] . Another study was conducted by Han in which he extended the model presented by Bugbee and Loureiro, and also used a survey-based approach to validate his model [11] . Similar survey-based approaches have been conducted but all of them considered a limited set of aspects concerning risk perceptions, especially consumer behaviors across different countries [12, 13] . Several studies had targeted labeling of GM foods as a key aspect and formulated theoretical models for addressing this issue [14] .
Our study is unique in the sense that to date, researchers have addressed this issue by forming theoretical models; no prior work has been done on applying cognitive or visual approach to the issue. In this study we introduce a mind map (associative network) based approach [4] for analyzing the risk perceptions involving GM foods. Mind maps have been constructed using mind map tools such as MindMeister but only for basic exploratory analyses [5] . We consider several key aspects and impact factors in contrast to much more limited prior studies We consider GMO factors in food that pertain to human health, environment, economy, ethics and trust.
Research Objectives
Over time, and with advancements in GMO technology, the perceptions of risk on the part of consumers changes. Some consumers perceive benefits associated with the changes and welcome them and, on the other hand, some consumers perceive high risk and thereby tend to reject and question such changes. The reality is that it is difficult to convince others about change and alter their preconceived attitudes, especially toward food products.
This study is aimed at analyzing changes in consumer perceptions toward GMO food products. We investigate whether consumers tend to modify their prior opinions toward GMOs after they are exposed to informational material highlighting the risks and benefits of GM foods.
Design Instruments
We designed a detailed questionnaire using Qualtrics Survey API [15] and administered the survey online. This questionnaire consisted of demographic questions such as age, ethnicity, education level, and salary, as well as a set of pre-study and post-study questions related to GMOs and the effects of their presence in food products. In addition, the questionnaire consisted of two recent news releases highlighting both the positive and negative aspects of GMOs [16, 17] . These news releases form the separation between the pre-study and post-study questions. The first news release describes the adoption of a variety of GM crops such as maize, and soybean, which were declared safe by the European Union (EU), with authorizations valid for 10 years. The second news release concerns the announcement of two Hershey's chocolate products (milk chocolate and kisses) to be non-GMO by the end of the current year. This decision was made in support of a GMO campaign running for two years.
Research Questions and Hypotheses
The following research questions and hypotheses were formulated for this study. 
Experimental Setup
A total of 447 participants were recruited uniformly within the United States via Amazon Mechanical Turk API [18] . Each participant was asked to complete the pre-study survey questionnaire, followed by being asked to read the two news releases. Each respondent then completed the post-study questionnaire (consisting of the same set of questions) in order to produce a complete response. Each of the pre-study and post-study questions consisted of multiple statements highlighting the effects of GMOs pertaining to a wide range of impact factors related to health, environment, economy, ethics and trust in both GM and government institutions responsible for conducting and approving resear ch involving GMOs. Every participant rated each statement on a 5-point Likert scale (5 -Strongly Agree, 4 -Agree, 3 -Neutral, 2 -Disagree, and 1 -Strongly Disagree). These results were captured anonymously to produce the data set for analyses. 447 participants consented to participate and completed the study. The following experiments were conducted to evaluate given research questions and hypotheses.
Experiment 1: US states by regions
The collected responses within the United States were categorized into regions as shown in Figure 1 [19].
West -184 participants (41.16%) participated in the study; Midwest -54 participants (12.08%) participated in the study; South -155 participants (34.68%) participated in the study; and North-East -54 participants (12.08%) participated in the study. 
Experiment 2: US states by political party
The collected responses for the states within the United States were categorized in accordance with their predominant political party affiliations as shown in Figure  2 [20] . 
Results and Analyses
This section provides detailed analysis of the quantitative data including the participants' recorded responses. This section is organized around the two hypotheses presented in Section 3.2. All the mind maps were created using NodeXL version 2014 [21] and all the edge weight values were normalized within the interval (0, 1). An alpha value of 0.05 was used for all statistical analyses conducted via SAS version 9.3.
Analysis of Responses for Hypothesis 1
This section provides analyzes of the connection between a participant's regional location and his corresponding responses. Two analysis methods were employed in this section.
Analysis using Mind Maps
From here on, we will refer to each word as node and each link connecting two nodes as edge. In this study we have generated undirected mind maps for analysis. The following procedure was carried out for generating a single mind map [4] for the responses obtained.
a. Formulate a glossary of words -A dense glossary of words was constructed consisting of both positive [22] and negative [23] words related to GMOs. The terms positive and negative serve as the 2 categories directly linked to the term GMO (root node) in the mind map. All the positive words are directly linked to the term positive and similarly, all the negative words are directly linked to the term negative. b. Assign question statement to the relevant word(s) -Each question statement related to questions concerning the effects of GMOs was carefully assigned as a sub-category to a relevant word from the glossary providing a direct linkage between a word and the statement. c. Calculate and assign appropriate weight to each word pair -Each edge consists of two nodes and the combination of these two nodes form a word pair. For example, (GMO, Positive) acts as a word pair in the mind map. A weight value to an edge signifies a word pair's popularity (or strength). To assign weight to a word pair x, first of all, its occurrence is thoroughly searched in a set of documents that contain reviews about GMO features (can be an article, news release, journal, etc.) and a count is computed for that word pair. This technique finds inspiration from a similar work by Turney [24] . Then, the word pair is assigned a rank y ∈ {1, ..., k} (k = 2 in this case), with k being the number of word categories. This ranking model is based on the Perceptron Ranking (Pranking) Algorithm. Their model stores a weight vector w ∈ R n and divides the real line into k segments, one for each possible rank. The model first scores each input with the weight vector: score(x) = w · x and then locates score(x) on the real line and returns the appropriate rank as indicated by the boundaries. With the new correct rank, the corrected score is calculated again. Finally, the score is normalized within the open interval (0, 1) [25, 26] . Proceeding in this manner, we had assigned weights to each word pair. Note that there will be two mind maps generated for a single response -pre-study mind map and post-study mind map. Figure 3 depicts a complete pre-study mind map constructed using NodeXL for the responses collected from states in the South region. The Vertices and Edges worksheets in the workbook were used by the NodeXL GUI to prepare this graph. 
Statistical Analysis
To validate the analysis results obtained through the mind map technique, we conducted a thorough statistical analysis as well. From the box plot distributions, we can clearly deduce that the mean values for South region in both the distributions are the highest as compared to those in other regions. The mean value in figure 5 is 3.1895, whereas, in figure 6 , it has increased up to 3.3452. The significant increase in the mean values might be due to the fact that more people have changed their responses to either agree or strongly agree.
The p-values for both the distributions have been found out to be less than 0.0001, which indicates that we cannot reject the null hypothesis, which means there is a significant difference in the regional means. Duncan's multiple comparisons test was conducted to test which regional means were significantly different. Basically, this reduces the probability of a false positive, i.e., rejecting the null hypothesis when it is true. Figures 7 and 8 provide the Duncan groupings for the different regions along with their respective mean differences for both the pre-study and post-study responses. 
Duncan Grouping

Analysis of Responses for Hypothesis 2
This section analyzes the connection between a participant's state's affiliation with its predominant political party and his corresponding responses. Two analysis methods were employed in this section.
Analyses using Mind Maps
The same procedure was carried out for generating the relevant mind maps for the responses obtained as described in Section 5.1.1.
A detailed comparison of the percentages of people residing in states which possess affiliations with their predominant political parties, collected from the generated mind map, who provided their response ratings on a 5-point Likert scale (SA = Strongly Agree, A = Agree, N = Neutral, D = Disagree, and SD = Strongly Disagree) when asked about whether GMOs are responsible for creating superweeds and superbugs as one of the environmental effects is depicted in Figure 9 . It can be clearly seen from the figure that people residing in states from Republicans party mostly support the argument and their percentages are quite higher than those belonging to other parties. Likewise, we found out that with most of the other question statements as well, people from Republicans party tend to support the fact that GMOs can be extremely risky for their families. Figure 9 . Percentages depicting response ratings for the question "Do GMOs create superweeds and superbugs?"
Statistical Analysis
To validate the analysis results obtained through the mind map technique, we conducted a thorough statistical analysis again. The t-test distributions depict the mean responses of both the political parties in the horizontal bars located at the bottom of the distributions. We can see significant differences in the mean responses (p = 0.0454) in figure  10 for both the groups, and can easily conclude that the Republicans do not quite agree with the statements that GMOs have positive environmental effects. However, the mean responses (p = 0.3459) from figure 11 are very close to each other, and the distributions are very close to being normal. Since the mean response values for Republicans are almost identical to the midpoint of the distribution, we cannot say with full confidence that all Republicans dislike GMOs, or consider them risky for their families. So, from the mind map analysis, Hypothesis 2 is validated. However, from the statistical analysis, we could not fully validate the hypothesis, but it is suggested that more Republicans consider GMOs of little risk for their families.
Conclusion
In this study we designed an approach for understanding the risk perceptions of consumers toward GMOs using mind maps. We designed an online survey questionnaire that dealt with collecting both pre-study and post-study responses from the participants for various effects of the presence of GMOs in food products such as health, environment, economy, and more. We formulated two key research questions based on the collected responses concerning people's regional locations and their states' predominant political party affiliations. Then, we tested the related hypotheses by conducting relevant analysis generating mind maps and validated the results by appropriate statistical analysis. Our findings established that people from the South region respond more positively toward GMOs when compared to those residing in other regions. Also, we established that people from both Democrats/Non-Partisans and Republicans parties' affiliated states have similar perceptions toward GMOs.
In addition to categorizing the collected survey response data by different states of residence, there are other possible categorizations based on demographics, such as by gender, age groups, or marital status. In the future, we plan to contrast the results collected from our survey-based approach with those collected from big data feeds from the Twitter social media platform, and analyze both techniques using artificial intelligence methods, such as sentiment analysis and data mining. We expect that applying these techniques will further strengthen our study and produce further fully validated results.
